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 1) Introduction  
1.1) The Koroneia urban site survey 
A young and quite successful input in archaeology is the surface survey. Buried artifacts are 
brought up to the surface by a number of processes, both natural and anthropogenic: These 
can be counted, documented and collected to identify sites and features and can be further 
manipulated to perform regional analysis. In classical archaeology its main contribution has 
been in tackling the problem of the largely invisible “silent countryside”, which must have 
been the necessary economic base for ancient city life. A Greek polis, in this view, consists of 
the astu (town) and chora (countryside) which formed a seamless whole (Alcock 2008, 121).  
During the 1980s-1990s, John Bintliff and Anthony Snodgrass have surveyed the ancient 
cities of Askra, Haliartos, Hyettos and Thespiae. From 2000 onwards the project expanded to 
the cities of Tanagra and Koroneia in collaboration with the University of Ljubljana. The aim 
of the project was the mapping and analysis of pottery sherds on the surface to establish a 
base of knowledge of the size and development of the different cities. A long attested problem 
in Greece is the enormous number of sites, the lack of funds for excavation and the bulking of 
archaeological depots and museums. Rather than leaving this rich collection of valuable sites 
to decay, this project provides a valuable alternative for presenting the archaeological 
landscape to both the academic world and the public (Bintliff 2005, media.leidenuniv.nl).   
1 Google Earth map that shows the location of Koroneia as a red balloon (Google Earth) 
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2 Ancient Polis territories of Boeotia (Farinetti 2011, CD-Rom) 
In the summer of 2011, I was lucky enough to participate in the urban site survey of Koroneia.  
The city hill has been divided in grids using GPS computer registration in combination with 
GIS. Every 20 by 20 meter grid was created by measuring tape at first. This was problematic 
however, due to the sometimes steep slopes of the hill which does not always allow for a 400 
square meter grid. A handheld GPS, used in combination with a specially developed GIS 
program for handheld devices, allowed for quick and precise mapping of these polygons, thus 
solving this problem. Per grid architectural stone blocks and pottery sherds could be 
documented, using the same computer equipment (B. Noordervliet in Bintliff and Slapsak 
2009, 31).  
Although preliminary work on the hill started in 2006, it mainly included registering pottery 
densities and recording GIS points. Pottery collection commenced from 2007 onwards, 
together with architectural survey. This reasonably large Greco-Roman city has known 
continues occupation from its earliest urban phase in the archaic period until the late 
republican period (Bintliff et al 2010, 6). Although its largest occupation must have been 
during classical and early roman eras, as indicated by pottery, the different parts of the city 
are occupied in different periods, with a much smaller habitation in the imperial age (Bintliff 
et al 2010, 6). Furthermore, there is evidence of a medieval occupation in the form of a 
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Frankish tower on the foot of the hill. There is some evidence of prehistoric occupation, but it 
is still very thin (K. Sarri in Bintliff et al, 2010).  
The great intact shape of the terraces, which are probably original from the classical period of 
their construction, in combination with an architectural survey and artifact collection, allows 
for the attesting of functional use zones of the city (Bintliff and Slapsak 2009, 19).  The 
material that was collected, aside from pottery, encompasses a large variety of finds such as 
flint/obsidian sherds, an occasional coin and marble. But also, important to this thesis, some 
104 stone tool fragments, which were used for grinding foodstuffs in ancient times. I was 
entrusted with the studying of this material, by making a database and reading literature, thus 
contributing my own small stone to the project.  
1.2) The millstones 
The material under consideration is specific and recognizable. It was used to perform one 
specific task: The grinding of cereals. Grinding should not be confused with pounding, which 
is in essence a different technique of processing foodstuffs: A grinding motion is facilitated 
by the use of grind slabs, also referred to as querns, which are made up of a stationary lower 
stone (meta
1
) and a mobile upper hand stone (catillus), while a pounding motion is facilitated 
by the use of a lower, stationary mortar and a mobile, usually elongated, pestle (Wright 1994, 
240; Williams-Thorpe and Thorpe 1993, 265). The purposes of these tools differ as well.  
Both tool types are used to process an largely indigestible, biologically stable product, in this 
case a cereal crop, into a readily digestible, biologically less stable product by removing fiber, 
reducing particle size, aiding in detoxification and adding/removing nutrients: both tool types 
are highly multifunctional and were used for a number of different foodstuffs, especially in 
prehistoric times (Wright 1994, 242). This is still relevant for our context, although the 
Ancient classical complex societies adapted to a more specialized tool use, the Greeks in a 
different fashion then the Romans. In cereal processing, pounding is uncontested in the 
removal of fiber; grinding is better for reducing particle size and creates a finer, more 
homogenous end product, but is unfit for dehusking as it crushes the seeds, making it 
impossible to separate them from the bran (Wright 1994, 243). The Greeks used the mortar 
and the pestle to separate the grain from the chaff; Greek mortars and pestles were probably 
often made of wood (Curtis 2001, 280), explaining their absence in our assemblage. In the 
                                                 
1
 Not to be confused with the term metate, which refers to a prehistoric ground stone tool as a whole (Curtis 
2001, 281). 
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Mediterranean world, grindstones eventually evolved themselves into mills, perfect for 
making bread flour, while mortars and pestles remain essentially unchanged until today. The 
term grindstone usually describes a non-rotary mill stone (Williams-Thorpe and Thorpe 1993, 
265), which is why I will use the term quern or milling stone for later mill-types. 
These stone grinding implements may have the potential of greatly supplementing surface 
analysis with a broader economical, functional and chronological framework. The purpose of 
this thesis, however, is not to provide the necessary knowledge to perform such analysis, but 
rather to compare the current literature-based knowledge with the archaeological provenience 
of these stones and critically evaluate their usefulness in (urban) site surveys. A brief 
evaluation of the capacity these ground stone tools may have in assisting (urban) surveys in 
general can be made by attempting to answer several questions concerning the food economy 
of Koroneia using these stones: 
What was the scale of food processing that took place in and around Koroneia and in what 
context did it take place? How is the generally established chronological sequence of these 
stones reflected in Koroneia and how does it compare to the current picture of occupation 
history in ancient Koroneia?   
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2) A short environmental, social and economic context for milling in and 
around ancient Koroneia  
2.1) Micro environments: Arable land in the chora and the vicinity of lake Kopais 
The Mediterranean area as a whole has a generally consistent climate and vegetation which 
have changed little since antiquity: The winters last approximately from October to April and 
are generally wet and mild, while the summers are hot and dry (Curtis 2001, 259). Due to the 
low annual precipitation and the absence of large seasonal rivers the farmers relied heavily on 
dry farming, depending on the winter rains for sowing crops (Curtis 2001, 259). The 
unpredictability of the rainfall will have had important implications for agriculture: It mainly 
occurs between mid-September and April,  is very unevenly distributed over this period of 
time and may additionally vary greatly from year to year, resulting in both prolonged periods 
of drought and sudden events of flooding or damaging hailstorms (Foxhall et al 2008, 93).  
Whilst higher areas generally receive more annual precipitation than the lower regions, some 
areas of Greece, such as Attica (385 mm) and the Cyclades (357 mm), are climatologically 
close to the limit of non-irrigated cereal farming (Foxhall et all 2008, 93). Our own region, 
however, is described as agriculturally fertile, even exceptionally so, with Tanagra 
experiencing an annual precipitation of 463 mm (Farinetti 2008, 119). Boeotia has an unusual 
abundance of good arable land that has provided its people with opportunities for intensified 
agricultural practice: They were able to provide the entirety of their own food requirements 
while close southern neighbor Attica relied on a 20% import rate of its food staple (Bintliff 
1999, 17).  
Aristophanus, in his comical play Acharnians, tells his Athenian audience that “ the Boeotians 
are dim witted and willing to sell their eels and rich agricultural produce at a loss” (Wilkins 
and Hill  2006, 23). Although this is clearly a sneer to the northern rivals, the Athenian writer 
does provide us with evidence that the Boeotians had a rich agricultural produce indeed, and 
that they used it for export.  
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3 Map that shows the division of arable land classes in Boeotia, F -fertile, MF -medium fertility, LF -low fertility and 
U -unfertile. (Farinetti 2011, CD-Rom) 
The most important geological feature for our agricultural context is the close by Lake Kopais, 
as it affected the availability of dry land and associated land use by its seasonal and annual 
fluctuations in water level (Farinetti 2008). Some scholars have denied that the Kopais ever 
was a real lake, calling it a marshy area instead: For its inhabitants, however, it was definitely 
a lake, evident in literary sources (Farinetti 2008, 124). Throughout history, from the 
Mycenean period onwards, human activity has tried to drain the lake, with varying success 
until it was finally completely drained in the nineteenth century by French and English 
companies (Farinetti 2008, 118). 
A marshy environment certainly would have decreased the amount of arable land and at times 
contribute to the outbreak of malaria epidemics, but there are also many positive effects that a 
marshy environment has to offer, which would have included opportunities for economic 
exploitation and effects on the local climate to increase temperature and decrease frostbite 
damage to crops (Farinetti 2008, 122). The lake provided its nearby population with the 
means to engage in a parallel economy in which the marshy, wet areas were not simple 
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passive obstacles to agriculture but rather an adequate substitute for economic exploitation in 
the form of readily edible vegetation, fishing and good plains for flocks (Farinetti 2008, 122). 
Furthermore, realization of drainage works in the archaic and classical periods, mainly for the 
purpose of irrigation, must be seen in a context of human beings trying to coexist with water 
resources rather than trying to control them (Farinetti 2008, 123). In later Hellenistic and 
Roman periods this context may have changed, and the realization of drainage works becomes 
more associated with the realization of power and sovereignty in the form of subjugating and 
harnessing the forces of nature (Farinetti 2008, 124; Foxhall 2006, 95). 
Survey in Boeotia has attested an explosion of rural farmsteads from the sixth century BC 
onwards, which indicates intensification of rural productivity and may be directly related to 
the Boeotian hoplite constitutions and the establishment of land ownership (Bintliff 1999, 19). 
It is yet unclear if the population would have actually lived in the country side or if these 
farmsteads were actually simple tool sheds, occupied on a more seasonal base by a population 
that was residing in the astu (Osborne 1985 in Bintliff 1999, 20). The millstone assemblage 
under consideration was collected from the astu only and already suggests that at least a part 
of the further processing of grains took place there.   
Population estimates of Boeotia in the classical period, when it reached its unparalleled peak, 
assumed some 165000 people (Bintliff 1999, 23), which must have put an impossible strain 
on the long term productivity of the land. Deliberate fertilization took place in the form of 
household (pottery) and animal refuse, and geo-archaeology has attested periods of large-
scale soil erosion due to overexploitation in late Classical and Hellenistic times, such a soil 
loss in a dry Mediterranean climate would have taken many centuries of less intensive soil use 
to recover  (Bintliff 1999, 28). There is a collapse of rural farms in the Hellenistic and early 
Roman period after which the cheap land and labor were taken over by the stronger economic 
and military elite of the time, presumably wealthy Italians (Bintliff 1999, 29). 
2.2) The cereal crops of the ancient world  
The Mediterranean diet was largely dictated by its dry climate: Where there are good soils and 
adequate moisture cereals, legumes, fruits and nuts will thrive as well as drought resistant 
orchard crops such as olives, figs and grapevines (Curtis 2001, 259). The intensive production 
and consumption of especially cereals, olives and grapes, at least since antiquity, has been 
termed the Mediterranean Triad (Curtis 2001, 259; Thurmond 2006, 13). Of these three, 
cereals have the greatest food value as well as the highest degree of natural stability. 
13 
 
Furthermore, their processing is the origin of all other food processing types, except for 
cooking, and the many different species of cereals have formed the staple food of every major 
culture in the world since the Neolithic revolution (Moritz 1958, 18; Thurmond 2006, 13). In 
ancient history, cereals combined with beans and pulses were the basic part of the ancient diet: 
It was called “sitos” and was supplemented with proteins in the form of meat, fish, vegetables 
or fruit, in Greek “opsa” and in Latin “pulmentaria” (Wilkins and Hill 2006, 114). 
A grain seed, or kernel, consists of several parts of which only the endosperm is digestible 
and desirable as a meal; this endosperm is a layer of almost pure starch that surrounds the 
embryo together with which it forms the germ, usually surrounded by a seed coat, called bran 
(Thurmond 2006, 15). Surrounding the kernel, there is usually a husk, which separates grains 
in two important categories: The husked grains and the naked grains. Naked grains are not 
naked at all, but have their Lemma and the Palea loosely attached to the seedpod, making 
them removable by simple threshing (Thurmond 2006, 16). Husked grains, however, cannot 
be released from their husks by an ordinary threshing and need an additional parching and 
pounding to achieve the same goal (Thurmond 2006, 18). 
Parching is basically a roasting of grain kernels to achieve a higher biological stability by 
preventing the germination of the seed and reducing moisture content (Thurmond 2006, 21). 
A roasting will aid in dehusking a grain but will also destroy essential nutrients and gluten in 
the kernel, which is why husked grains are usually described as unsuitable for bread making 
(Thurmond 2006, 18).  Nesbitt and Samuel argue that parching is not always necessary for 
dehusking and that hulled grains may have been made into both leavened and unleavened 
breads in the past (Nesbitt and Samuel 1996).  
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4 Wheat spikelet of a naked grain species (Thurmond 2006, 19) 
The reason why a grain seedling has to be processed at all is men’s poor ability to digest raw 
starch, and a strategy is required to be able to actually consume it (Moritz 1958, 19; 
Thurmond 2006 15). If a mixture of starch and water is heated above 60 degrees Celsius it 
will gluttonize into a porridge (or gruel) which is both edible and digestible (Moritz 1958, 19; 
Thurmond 2006, 15). Cooking grains this way has two major disadvantages however, namely 
that the resulting meal is biologically unstable and always more or less fluid: The simple and 
obvious solution to both problems is baking the mixture (Moritz 1958, 19; Thurmond 2006, 
15). But all is not well on the baking front:  A simply baked product, unless it is very thin, 
will not be very chewable when it cools down (Moritz 1958, 20). To make matters worse, 
baked grain products that are high in bran content contain large quantities of phytate acids, 
toxics that hamper the body’s absorption of essential minerals (Thurmond 2006, 16). Natural 
yeast will reduce the amount of phytate acids and consequently predigest some of the 
complex sugars that are present in starch, when a mixture of water, well sifted fine flour and 
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yeast is baked, the result will be leavened bread: The most edible, digestible and healthy 
product with the greatest biological stability (Thurmond 2006, 16). Leavened bread was also 
the most costly end product, however, and mineral deficiency diseases such as rickets, iron-
deficient anemia and dwarfism will no doubt have troubled the poor among antique society 
(Thurmond 2006, 16). Notice that there are several strategies of processing grains and in 
antiquity, grinding was a step in cereal processing that was often excluded or replaced by a 
rough crushing by mortar and pestle. Grinding it is only indispensable for baked grain 
products (Moritz 1958, 145). 
The classical diet existed for perhaps as much as 70 - 75 % out of cereals in the form of 
porridge, cakes and breads (Curtis 2001, 289). Grain-eating was seen as an essential activity 
of civilized people and “the milled life” was a Greek term for civilized order (Wilkins and 
Shaun 2006, 118). The two most important grain species of classical antiquity, both literally 
and archeo-botanically, are barley and wheat; durum wheat was known, millets would have 
been usable in times of famine and oats were considered animal food (Curtis 2001; Curtis 
2008; Foxhall 2008; Thurmond 2006, 17; Wilkins and Hill 2006, 117).  
Barley, Hordeum vulgare, had an especially large role in the Greek diet, as it is drought 
resistance and grows on marginal soils (Foxhall 2008, 102). These qualities, complemented 
with the fact that barley has a relatively short growing season, make it an excellent reserve 
crop, sowable after other crops fail (Thurmond 2006, 17). Barley is a porridge grain, almost 
exclusively so due to its low gluten content: Bread can and was made from barley but this 
would normally not be a desirable product (Thurmond 2006, 18). It is better suited for barley-
cakes, flatbreads and especially a kneaded preparation of barley groats, mixed with water or 
milk, known in Greek as maza (Curtis 2001, 289; Moritz 1958, xxi; Wilkins and Hill 2006, 
117). Before bread making was common practice, the cereal aspect of Greek and Roman diets 
would have been mainly filled by porridges and gruels, and we must imagine that they 
remained important products for the poor of society long afterwards (Thurmond 2006, 16). 
Barley was largely replaced by naked wheat during the Classical period and in the time of 
Alexander the Great bread wheat had become the main grain of Greece (Moritz 1958, xxi).  
Barley as a cereal was less important to the Romans than it was for the Greeks, and they 
perceived it as inferior: This is shown by its use as punishment ration in the Roman army 
from the third century BCE onwards (Thurmond 2006, 17). The Latin name for barley 
porridge is polenta, but this was not their first choice in husked grains. The Romans wrote 
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back in nostalgia about their traditional porridge called pulse in the first century BC: It was 
made from a grain they called far, usually understood as Triticum dicoccum, or emmer wheat 
and was probably the original staple cereal of Italy (Curtis 2001, 361; Moritz 1958, xxii; 
Thurmond 2006, 35). 
Wheat, especially naked or free treshing wheat, Triticum vulgare, does not produce well in 
less than optimal conditions, which means that it must have been somewhat of a luxury cereal 
in the ancient Greek world (Foxhall 2008, 103). Archaeo-botanical evidence has noted a sharp 
decline in the importance of barley and other husked wheats in the period of Classical Greece, 
roughly around 700-300 BCE, while naked wheats replaced them: We must imagine a 
population decline or a form of agricultural intensification to explain the proliferation of this 
less productive crop at the cost of barley, which signals a change in economic imperatives 
(Essbit and Samuel 1996, 84). Wheat was a much more desirable crop by Greeks and Romans 
alike, especially naked variants, because of their excellent bread making qualities. The reason 
that it is such an excellent bread cereal is its high gluten content: Gluten is responsible for 
trapping the CO2 bubbles created by the fermentation process and is necessary for the bread 
to leaven (Foxhall 2007, 103; Thurmond 2006, 16; Wilkins and Hill 2006, 117). Next to 
Triticum vulgare, which was called siligo by the Romans, another naked species of wheat is 
worth a mention, namely Triticum durum, macaroni wheat or simply triticum in Latin: it is 
currently still used to make pasta, pizza dough and couscous (Thurmond 2006, 18).  
2.3) The socio-economic context for ancient milling 
The grinding of cereals would have been a hard and boring labor in ancient Greece that was 
largely reserved to women or, if they could be afforded, slaves (Curtis 2001, 293; Wilkins and 
Hill 2006, 117). It would be carried out as a household task with mortar and pestles alongside 
Saddle Querns. Grain milling was one of the most important household tasks of the Hellenic 
house at Olynthus, where it seems that grain mills were set up in almost any room of the 
house, or that many of them were not found in their original positions (Robinson and Graham 
1938, 208). The mills recorded in domestic context at Olynthus include Hopper - Rubbers, but 
Curtis argues that the less mobile and more expensive types probably more fit to serve a 
commercial purpose (Curtis 2001, 284).  
Leavening of breads was introduced around the eight century BC in Greece and commercial 
bakeries are known here from the fifth century BC onwards (Thurmond 2006, 57). Classic 
authors alert to the dangers of commercialization and record the development of commercial 
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bakeries in Athens and Rome: Plato refers to “Thearion the baker” in gorgias (a dialogue 
written around 380 BC) as a novelty in Athens that sold goods that might be simply made at 
home - in Plato’s mind home production was preferable to commercial production (Wilkins 
and Hill 2006, 130).   
Although the classical writers Xenophon, Plato and Aristophanes certainly write that bakeries 
did exist in their time, they do not tell us whether these were confined to Athens or more wide 
spread in the Greek classical world and not a single commercial mill has been found by 
excavation belonging to an age earlier than imperial Rome (Moritz 1958, 36). The position of 
miller-bakers in fifth century Athens was surely very much the same as what the excavations 
at Pompeii tell us about Roman cities in the first century AD: Large households still had their 
own mills and bakeries, but those too small for this were catered for by commercial miller-
bakers (Moritz 1958, 37).  
Pliny records the arrival of commercial bakers in Rome during the Macedonian wars (around 
170 BC), from Sicily and Macedonia, this hints to the commercialization process as being a 
foreign influence from either of fifth century BC court culture in Sicily or from the rich life 
Rome absorbed from Macedonia, probably a combination (Wilkins and Hill 2006, 130). For 
the Romans, milling was closely associated with bread making: The Latin word for mill, 
pistrinum, is synonymous in Latin for bakery and baker, pistrinum and pistor respectively 
(Curtis 2001, 361 and Thurmond 2006, 37). That the Latin word for pounding, pinsere meant 
pounding in a mortar hints at the originally used tool for milling, but pistor did no longer 
denote “the man who pounded grain” in classical Latin and was superseded by the noun 
molere, grinding (Moritz 1958, 101; Thurmond 2006, 37). The combining of milling and 
baking in a commercial establishment was, for Greeks and Romans alike, a logical choice: If 
the baker can economically produce the flour as and when he needs it, this has obvious 
advantages and we must imagine the mill types they used to be inadequate to provide for 
more than one establishment (Moritz 1958, 35). The occurrence of professional miller - 
bakers in urban contexts would probably signal an important change over time in processing 
cereals from a domestic context to a more confined, industrial setting, although milling 
undoubtedly remained a domestic as well as a commercial process throughout classical 
antiquity (Thurmond 2006, 37).  
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5 Drawing of the grave relief of the pistor Eurysaces near the Porta Maggiore in Rome (after Hanz Larmer 1915 in 
Thurmond 2006, 58) 
A good example of the increasing influence that the Roman state had on cereal processing is 
depicted on the late first century BC tomb of Eurysaces, a state contracted pistor: The relief 
on his tomb shows that state officials supplied him with grain and used officials to check if 
the amount of produced bread matched the grain input (Curtis 2001, 360). From the emperor 
Augustus until the early third century AD, the Roman state provided each Roman citizen with 
a monthly grain dole: This meant most Romans would still have to process their own grain, 
unless they could trade it with a pistor for a more finished product and it can be expected that 
domestic processing of cereals would have deteriorated even further in urbanized areas after 
the early third century AD, when the state began to annex the water supply, went into bakery 
business herself and started substituting grain doles for finished breads (Curtis 2001, 367).  
Conclusively I would like to point out to the connection between the onset of advanced 
grinding tools in the archaeological record and the sharp decline in the use of hulled wheats: 
As previously stated, the creation of fine flour is a process that is mostly reserved for the 
creation of leavened breads, for which especially the naked species of wheat are qualified. 
The Archaic and Classical Greek periods see the first evidence for commercial milling-baking, 
as bread making became more and more a professional specialization, a process that sky 
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rocketed in the Roman Empire. It is my belief that the sharp decline in the use of barley can 
be associated with the onset of the first true mill, the Hopper-Rubber.  
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3) A typological description of Grinding Implements in the Aegean from the 
Late Neolithic until the Roman Period 
What follows is a typological description of the material under consideration which will be 
inaccurate due to several reasons:  
First of all, most of the available literature is historical in nature and mostly based on the 
classic writers. Lithic research in the Aegean is a relatively new field that was traditionally 
reserved to the prehistoric periods (Carter and Ido 1996, 182). Although there is an increasing 
trend in classical archaeology to include stone ground tools, most of these data come from 
surveys and is at best fragmentary, if at all published. There are a few available excavation 
reports that have published stone implements, with the 1930’s excavation at Olynthus as a 
notable early example. As for the survey data I made use of the Laconia and the Berbati –
Limnes Surveys, which both collected only a few examples. A full collection of all the 
published archaeological data will be very difficult and time consuming, and therefore beyond 
the scope of this thesis. 
The second reason is that a thorough chronological framework concerning these stones does 
not yet exist. Between different writers there is still a lot of disagreement and every little bit 
of new data has the potential to radically change the currently established framework. Much 
of the literature tends to analyze the development of milling devices from a technological 
point of view, to study the history of the western industrialized milling system and our 
contemporary technology. The more recent literature is somewhat more careful, underlining 
local differences and the coexistence of different types of millstones in certain periods. In this 
chapter I will carefully try to make the overall trends and variations through time visible as 
much as possible, to create the possibility of linking the local collection from Koroneia to a 
wider framework. 
3.1) The Saddle Quern 
The Saddle Quern can be typed the earliest true mill in the sense that it is used for grinding 
rather than pounding (Thurmond 2006, 38). Reversely, it is the only known form of mill used 
in the prehistoric period, in use all around de eastern Mediterranean (Williams Thorpe and 
Thorpe 1993, 265).  The earliest examples for the use of this type of mill come from tombs in 
Egypt around 3000 BCE, in the form of statuettes depicting their use (Moritz 1958, 29): These 
figures kneel behind a lower stone that is projected away from them downwards in a 15 
degrees angle. The grinding is done using a back and forth motion with the upper stone, 
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which has an elongated, half cylindrical shape, it is usually less long than the lower stone is 
wide. Sometimes a hollowed recess is present at the back of the lower stone, presumably for 
the catchment of the meal. Analogous terracotta figures have been found belonging to 
classical Athens and Thebes (Moritz 1958, 29), but earlier evidence for the processing of 
cereals in the Aegean comes from Neolithic and Bronze Age Saddle Querns and hand stones 
(Curtis 2001, 264). 
 
6 Terracotta figures depicted milling on a saddle quern. From (left to right): Aysut, Egypt ca 2000 BC; Rhodes, ca 
450 BC and Thebes, ca 525 BC (After Moritz 1958, plates 1-2). 
In their simplest form, saddle querns would have consisted of two abrasive parts, a stationary 
base and a mobile, handheld stone (Carter and Ydo 1996, 177). The stationary stone is shaped 
like a table that is sloped to allow gravity to separate the lighter bran from the heavier starch 
(Thurmond 2006, 38). It sometimes has a cavity at the lower end to allow a catchment of the 
end product (Moritz 1958; Thurmond 2006). Prehistoric examples of stationary stones that 
were found are shaped by hammering along the surfaces and margins- but not underneath, 
into a form that can apparently be rectangular, elongated or ovoid in shape (Carter and Ydo 
1996, 177; Moritz 2001, 264). They were probably not just used for the grinding of cereals, 
but also for the sharpening of celts or the crushing of temper for pottery (Carter and Ydo, 
177). Curtis Runnels has discriminated between a LN1 type and a EH type, based on size: 
Bronze Age querns were generally larger than their Neolithic counterparts (Runnels 1981 in 
Carter and Ydo 1996, 177; Curtis 2001, 264). The hand stones were quite irregular in shape 
although their size changes little over time, averaging 10 cm in length, 9cm in width and 4 cm 
in thickness (Curtis 2001, 264).  A change over time has been noted in which hand stones are 
becoming slightly narrower and longer from MH to LHIII (Curtis 2001, 264). The motion in 
which the upper stone was dressed over the lower stone, indicated from user-wear traces, 
seems to have been a somewhat random, circular motion (Curtis 2001, 281). Examples of 
Late Bronze Age Querns were found during several excavations, embedded in a raised 
platform, such as at Thera, or associated with bins to catch the meal, such as at Kommos and 
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apparent from Linear B tablets: In these instances, from the context it seems clear that they 
were intended solely for the purpose of processing foodstuffs, specifically einkorn wheat, 
legumes and barley (Curtis 2001, 263).  
The material used for the fabrication of prehistoric saddle querns  can either be sandstone, 
coarse grained greenstone, a variety of schist’s, or, especially on the Greek mainland, hard 
abrasive lavas, such as andesite, found on Aegina in the Saronic gulf (Carter and Ydo 1996, 
177; Curtis 2001, 264; Williams-Thorpe and Thorpe 1993, 263). I will refrain from adding 
further information on these prehistoric types, as our site most probably originated in the 
archaic period and no prehistoric querns were found in the assemblage. 
There is little known about grinding implements in the geometric area safe for a couple of 
references in the Iliad and the Odyssey, assumed is that they stayed much the same (Curtis 
2001, 280). The Saddle quern underwent several changes during the Archaic period: The 
lower stone was shaped with an iron tool and was thinner and rectangular; user wear traces 
indicate that the upper stone was moved back and forth rather than the circular motion of 
earlier types, resulting from an increase in length and thickness (Curtis 2001, 280). The hand 
stone became heavier and distributed the pressure over a larger surface; it received a narrow 
elliptical outline with pointed ends, resembling handles (Curtis 2001, 281). Another important 
improvement was the incising of both the upper and the lower stone with striations, either 
parallel or in a herringbone pattern; this increased the grinding surface, allowed for a better 
grip on the grain by keeping pores in the stone free of clogging and provided a cutting as 
opposed to a crushing of the grain at the first contact, thus keeping the bran in larger pieces 
(Moritz 1958, 37; Curtis 2001, 281).  
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7 Rectangular Saddle Quern from the Laconia survey (Carter and Ydo 1996, Plate 7) 
A good example of the lower slab of a rectangular saddle quern, shaped with an iron tool but 
without striations, was found in the Laconia survey, measuring 42.4 x 13 x 4.5-7.25 cm 
(Carter and Ydo 1996, 179). They dated it to the Classical period based on The Olynthus 
assemblage, but it seems to me to be an earlier type, due to the steep slope curve and the stone 
material (figure 7).  
Fourteen examples of upper stones (figure 8, upper section) belonging to late type Saddle 
Querns were found at Olynthus and dated to the fifth-fourth century BCE (table 1). Notice the 
remarkable constant size (Robinson and Graham 1938, 326). 
Table 1 Average measurements of the upper stones belonging to the Olynthus saddle querns 
 Minimal size (cm) Maximal size (cm) 
Length 39,0 54,0 
Width 13,0 20,0  
Thickness 5,0 11,0 
 
The measurements of the lower stone can be found in the next part on Hopper-Mills, as the 
stones of late type Saddle Querns are difficult to distinguish from the lower stones of Hopper 
Rubbers: A Herringbone striation would only function for the later type, since it helps 
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controlling the speed in which the grist passes through the mill and allows for a discharge of 
the meal: In the case of the Saddle Quern this can simply be done by changing the slope of the 
lower slab (Moritz 1958, 37). There is no concluding evidence, however, to attest a 
herringbone striation solely to the later Hopper-Rubber type; it is easily possible that the 
lower stone was universally used for both types when they were in use simultaneously, as 
seems the case in the Olynthus assemblage (Robinson and Graham 1993, 329). A Saddle 
Quern would have been less expensive and much more mobile than the heavy Hopper-Rubber 
Mills, which is why Curtis argues that the Saddle Quern would commonly have been used in 
household contexts, while the much heavier Hoppers probably served a commercial purpose 
(Curtis 2001, 284). 
The Saddle Querns continued to be in use throughout the Classical and well into the 
Hellenistic period, operating it would have been simple, boring and labor-intensive 
(Thurmond 2006, 38 and Curtis 2001, 281). During the Classical age the Greeks applied 
music during the labor in the form of a simple rhythmic mill-song, sometimes accompanied 
by the flute, this would have alleviated boredom and perhaps make the work more efficient 
(Curtis 2001, 281). 
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8 Late type Saddle querns: Handstones (upper section) and Lower stones (lower section) found in Olynthus (After Robinson and 
Graham 1938, plate 79)  
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3.2) The Olynthian Hopper-Rubber Mill 
The Hopper- Rubber Mill is also called Olynthian Mill, due to the large assemblage that was 
recovered at a shipwreck off the Olynthus site (Carter and Ydo 1996, 178; Curtis 2001, 282; 
Thurmond 2006, 38).  It developed somewhere in Greece as a technological improvement of 
the Saddle Quern (Carter and Ydo 1996, 178; Curtis 2001, 282; Thurmond 2006, 38). During 
its development, its design stays essentially the same as the Saddle Quern, working on 
reciprocal motion (Curtis 2001, 282). The upper stone, or rubber, became wider and had a 
circular concavity cut into it, the hopper, that could hold a large amount of grain; in the 
bottom of this hopper-rubber is a narrow slit that allowed the grain to be fed through it and on 
to the lower stone after which the pulling motion facilitated the grinding; This would have 
allowed for a longer period of grinding without the need to stop (Carter and Ydo 1996, 178; 
Curtis 2001, 282). Because of the concavity in the upper stone it became lighter and allowed 
for a larger size that could hold more grain, eventually leading to the developed form of this 
type of mill (Curtis 2001, 282).  
The oldest example of this type is found in the Athenian agora and dates back to the late fifth 
century BC, but since this is the developed form, its origins can be traced back further, 
probably during the Archaic period (Curtis 2001, 282). Its development is mainly understood 
from so called early types found on Thera, 
Delos and Priene: Moritz argues that these 
stones are not necessarily “prior in time” to 
the developed forms, since they may have 
been created later on, to provide portability 
(Moritz 1958, 44). Frankel suggests that both 
possibilities may be true, as the examples 
from Priene (figure 9) and Delos closely 
resemble Saddle Querns, suggesting a 
developmental stage, while the example 
from Thera is an identical miniature from the 
lever operated Hopper Mills found at the 
same site (Frankel 2003, 8). 
 9 "Developmental type" of the Hopper mill from Priene. 
(Illustration after Moritz 1958, 43) 
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In its developed form the upper stone is no longer a mobile hand stone: It is rectangular in 
shape and itched with striations on the bottom surface (Curtis 2001, 282; Frankel 2003, 6). 
The concavity, or hopper, can either be rectangular or round, leading into a narrow slid that 
pierces the stone; it can be of varying depth surrounded by a narrow rim in which, on each of 
the short sides of the rubber, is a socket designed to receive a wooden handle that served as a 
lever (Curtis 2001, 284; Frankel 2003, 5). Sometimes there are slots imbedded beneath one or 
both of the sockets in which lead and iron traces were reported: The slots, along with the 
metal traces would have served to fix the lever using wire or cord (Curtis 2001, 284; Frankel 
2003, 6). 
The lower stone is much the same as the developed saddle quern, a thin, rectangular slab with 
parallel or herringbone striations etched on its upper surface; An important difference being 
that it was no longer set at a slope, but was rather horizontally leveled, so that the full weight 
of the upper stone could bear down upon it (Moritz 1958, 46; Curtis 2001, 281).  
31 Upper stones and 12 lower stones belonging to Hopper-Rubbers have been described in the 
Olynthus excavation report of 1938 (table 2), the stones have fairly uniform sizes (Robinson 
and Graham 1938, 333-4). 
 
Table 2 Average sizing of the Hopper Querns from the Olynthus assemblage 
 Upper Stones Lower Stones 
 Min. size (cm) Max. size (cm) Min. size (cm) Max. size (cm) 
Length 42,00  57,00 45,00 59,00 
Width 36,00 47,00 30,00 45,00 
Thickness 8,00 16,00 5,00 7,00 
 
The Laconia Survey noted four fragments of upper stones (figure 11) of which only the 
thickness could be completely measured, ranging from 5,65 - 8,20 cm (Carter and Ydo 1996, 
178). 
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10 Hoppers found at Olynthus (after Robinson and Graham 1938, plate 80) 
 
11 Hopper fragments from the Laconia Survey (Carter and Ido 1996. Plate 7) 
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The Hopper-Rubber Mill took a long time to be properly identified, often being interpreted as 
either a sieve or a window; The first archaeologist to properly understand their function was 
Flinders Petrie and his findings were only commonly accepted after their connection with a 
third century BCE Megarian bowl (figure 12) was published by Kourouniotes, clearly 
explaining their functioning (Curtis 2001, 282; Frankel 2003, 2; Moritz 1958, 44). 
 
12 Homeric bowl from Thebes, now found in the Louvre (After Moritz 1958, 13) 
 
13 Illustration of the Hopper Mill's operation based on the Megarian Bowl from Thebes (Robinson and Graham 
1938, 328) 
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As reconstructed in figure 13, the hopper mill was fixed upon a table where the far side of the 
handle was attached to an upward pivot, or in some instances to a niche in the wall, allowing 
the miller to work standing upright (Curtis 2001, 284; Frankel 2003, 6; Moritz 1958, 50). The 
hollow shape of the Hopper would allow for a quantity of grain to be fed into the mill, 
allowing the miller to work the mill with two hands for some time without the need to 
continuously feed the grain; furthermore, the herringbone striations on both stones would 
allow for a discharge of the end product, a mixture of flour groats and bran, which can be 
sifted (Thurmond 2006, 40). The size of the upper stone saved the miller’s energy by allowing 
its sheer weight to bear down upon the lower stone rather than the strength of the miller; the 
upper stone would make a sideways to and from motion, covering part of a circle of which the 
pivot, or the niche, was the center (Frankel 2003, 6). The fact that the lower stone is generally 
not much wider than its upper counterpart can be explained by stating that the movement was 
generally small and rapid (Moritz 1958, 50). Frankel adds that there are passages in the New 
Testament and the Tosephta mentioning two people operating the mill simultaneously, each 
one facing a different direction (Frankel 2003, 6). 
The device can be called a real machine in the sense that the particle size of the end product 
was no longer fully dependent on the skills of the miller, since they were mechanically 
standardized, save for the length of the strokes and the speed of the operation (Curtis 2001, 
284). It was certainly an improvement compared to the previous Saddle Quern: While it held 
larger amounts of grain it was still a laborsaving device that required less strength and energy 
to work longer; continuously milling without the need to stop to refill the grain allowed an 
increase in the total output of flour without increasing the amount of active mills (Curtis 2001, 
286). The mill was still far from perfect, however: One could not adjust the fineness of the 
meal and there was no means of catchment other than collecting it from the sides of the table 
(Curtis 2001, 286). 
The context in which Hopper – Rubbers were used is something that remains largely 
unknown in the absence of publications that describe Hopper – Rubbers from closed contexts. 
The Olynthus excavation provides us with a clue, however, stating that both Olynthian 
Hopper-Rubbers and Saddle Querns are set up in almost any room of the Hellenic house 
(Robinson and Graham 1938, 208); This does not rule out the possibility that they were also 
used in commercial contexts, however, and I think this is likely from the literary evidence, 
which is discussed in a previous chapter. 
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Hopper Rubbers on the Greek mainland, from the fifth century BCE onwards, were 
manufactured at specialized quarries on Nisyros, Kimolos, Aegina, Poros and Santorini, 
imported from as far as 820 km away (Curtis 2001, 287; Williams-Thorpe and Thorpe 1993, 
263).  
From the sixth century BCE onwards there is abundant evidence of the widespread use of 
these stones in the Greek world: Old Greece, West-Anatolia, Southern Italy, Sicily, Crete, 
Cyprus, the Crimea and Southern France; Further outside the colonizing areas they were 
found in the rest of Anatolia, the Levant, Egypt, North Africa and North-Eastern Europe, 
including the Italian Alps, the Czech Republic, Slovakia, Romania and Ukraine (Moritz 1958, 
51; Frankel 2003, 7). It is evident that it stayed in use at least until the third century BC and 
even into the Roman period as to judge from Historical sources: Cato’s description of a 
Pushing Mill, or Mola Trusatilis, might concern the Hopper-Rubber (Moritz 1958, 52), 
although Frankel argues that this is almost certainly a Saddle Quern, as no Hopper Mills have 
been found in Latium and Campania, the places where Cato farmed (Frankel 2003, 2). The 
total amount of archaeological examples found is still very small, however (Thurmond 2006, 
40). It is clear from the rarity of examples that the Olynthian Hopper Rubber and the Saddle 
Quern were both largely replaced by Rotary Hand Querns for everyday use in the Roman 
period (Forsell 1996, 335), but this process started only after it reached Greece somewhere in 
the first century BCE and a consideration must be placed here: Technological conservatism in 
the East is shown to have existed, as the Olynthian Hopper-Mill was still in use in the Levant 
until the Byzantine period, almost a thousand years after the Rotary Quern had been 
introduced there (Frankel 2003, 18).  
3.3) The Rotary Hand Quern   
The appliance of rotary motion in milling, after its use in olive pressing, was a landmark in 
food-processing technology that can be attributed to the earlier invention of the potter’s wheel 
and the development of iron tools that increased the possibilities of cutting round millstones 
(Moritz 2008, 375). The Rotary Hand Quern is the only hand mill type in Greece to have 
employed rotary motion and the question of its origin and spread is an important one for it 
permitted the use of animal, water and wind powered mills: The extensive use of rotary 
motion for water mills eventually allowed for the necessary technological developments for 
the industrial revolution (Runnels 1990, 147).  
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The Rotary Hand Quern, or in Latin Mola Manuaria, is usually considered the next in line in 
terms of technological development, although Curwen has argued (Curwen 1937 in Moritz 
1958, 115) that it could have been a separate development from the much larger Pompeian 
Donkey Mill, useful for small scale hand operations (Thurmond 2006, 40): The earliest 
archaeological examples are dated to the fifth century BC in Spain, where it probably 
originated (Curtis 2008, 375), and the Rotary Hand Quern was probably developed around the 
same time as the Pompeian Donkey Mill (Runnels 1990, 153).  
The archaeological record provides us with many examples (Thurmond 2006, 41): The 
earliest examples from Spain measure from 30 – 45 cm in diameter and stand about 10 cm 
high (Curtis 2001, 337). Early Roman types are rare, but two have been found in Ephesus and 
are dated to the Augustan era or soon after, they have a diameter of 37 – 38 cm (Williams-
Thorpe and Thorpe 1993, 270). Mediterranean wide sizes range from 25 cm to 42 cm in 
diameter with a rare larger variety in Spain and Sardinia that sizes 48-80 cm in diameter; 
some of these would be extremely heavy for hand operation and may have been intended for 
animal power (Williams-Thorpe 1988, 260).The mean size of Rotary hand Querns in Greece 
has been estimated with a maximum diameter of 28-30 cm and a thickness of approximately 6 
cm (Runnels 1990, 151).  
The Rotary Hand Quern consists of two disc shaped hand stones of the same diameter placed 
on top of each other and separated by a spindle (Thurmond 2006, 41; Runnels 1990, 147). 
Both grinding surfaces are mortised at their center: The catillus has a central perforation to 
allow the spindle to pass through it, while the meta sometimes has a socket to hold the bottom 
of the spindle over which the catillus can freely move concentrically as grain is passed 
through the aperture around the spindle (Forsell 1996, 334; Runnels 1990, 147; Thurmond 
2006, 41). Each stone of the pair has one grinding surface, these were radially grooved and 
possibly sloped to move the grain, although worn out examples are horizontal (Runnels 1990, 
147; Thurmond 2006, 41). The catillus may also have a hopper led into it to hold grain and a 
cutting in the hopper or the outer rim of the stone for a handle (Runnels 1990, 147). The 
catillus and meta are usually made of volcanic stone while the spindle was made out of wood 
and iron (Curtis 2001, 339). 
Curtis Runnels was the first to divide Rotary Hand Querns into two types, hopper querns and 
flat Querns (Runnels 1990, 147): Hopper querns have large upper stones with a deep hopper 
led into the upper surface, while flat querns consist of two flat discs with cuttings for the 
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handle and a rynd, which was a bar used to support the upper stone (Runnels 1990, 149). 
Dating evidence suggests that the hopper type is the earlier one in Greece, just like in Western 
Europe, Anatolia and the Levant (Runnels 1990, 149; Williams-Thorpe and Thorpe 1993, 
271). That hopper Querns developed into flat Querns in the late Roman period is explainable 
by the fact that a thinner, flatter upper stone was lighter in weight, easier to make and less 
costly to transport while it was equally effective in milling grain (Forsell 1996, 334). No 
Rotary Hand Querns were found in a context dated before the first century BC in Greece 
(Runnels 1990, 149). 
 
14 Rotary Hand Querns from Greece: The earlier hopper - type (1) and the later flat type (2) (after Curtis Runnels 
1990, 148). 
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15 Rotary hand mills from Brittain, both pre-Roman (A) and Roman (B-E) (from Storck and Teague 1952 in 
Thurmond 2006, 41) 
The Rotary Hand Quern is still in use today (Thurmond 2006, 41), but the querns of Roman 
origin can be easily distinguished from later modern types which always have their rynd 
cutting led into the bottom surface of the catillus, rather than the top surface and the evolution 
of the stone can be consequently traced by the progressive flattening of the stones, the 
removal of elaborate cuttings and the movement of the rynd cutting from the top to the bottom 
surface of the upper stone (Runnels 1990, 151). 
The use of these querns is described accurately in a poem called “Vegetable Salad”, or 
moretum, which dates to the Augustan period and is usually ascribed to Virgil: The hand mills 
were probably operated by an individual who would turn the mill with one hand and fed grain 
through it with the other (Curtis 2001, 338). Rotary hand Querns were used domestically and 
in some industries, for instance for grinding pigments in potteries (Runnels 1990, 147; 
Thurmond 2006, 42). They were light in use and created a very fine grade of meal (Curtis 
2001, 341). It has been argued that the rotary hand mill was introduced in the Roman world 
from the need of soldiers on campaign or in camp to grind food (Curtis 2001, 336). Indeed, 
these querns are often found among roman forts and sometimes bear inscription assigning 
them to a specific century (Curtis 2001, 338): Roman strategists prescribe one handmill for 
each contibernium, which is a tent-unit of 5-10 men, and the word companion originally 
referred to the fellow soldier with whom one shared his daily bread, panis (Thurmond 2006, 
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42). The Rotary hand Quern was probably introduced into Greece by Roman legions 
campaigning there in the first century BC (Runnels 1990, 153). 
The Roman Rotary Hand Querns in Greece are made from andesite, a volcanic rock: The 
major volcanic stone sources of roman millstones are located in Spain, France, Sicily, Italy, 
Sardinia and North - Africa, they were traded up to 1500 km from their sources as ballast and 
cargo on grain collecting ships on outward voyages from Italy; Aegina and Nysiros are the 
main andesite sources of Roman Querns in the Aegean (Runnels 1990, 151). 
3.4) The Pompeian Donkey Mill 
The first literary evidence for the Pompeian Donkey Mill, or mola asinaria, is provided by 
Cato the censor in his book on agriculture, which is approximately dated to 160 BC (Moritz 
1958, 63). It was probably known in Italy from about 185 BC; Pliny quotes Varro as saying 
that the mills were invented in Volsinii, Northern Italy, and the fact that donkey mills were 
introduced in Rome around the advent of professional miller-bakers is probably not mere 
coincidence (Thurmond 2006, 43). The Donkey Mill soon became the Roman grain mill par 
excellence (Moritz 1958, 74). 
The Pompeian type of mill developed in Italy, but the basic design and technology go back at 
least to the early fourth century BC and probably earlier (Curtis 2001, 341): The origin of the 
Pompeian Donkey mill is put back to the 4
th
 century BC since examples have been found, 
together with Hopper - Rubbers, in the closed context of a shipwreck off Mallorca, dated to 
375-350 BC (Williams-Thorpe and Thorpe 1993, 272). These are the oldest known examples 
that were ever found. They were made  of lava from Sardinia and probably taken aboard in 
Carthage, they are unique, but a close parallel was found in Morgantia, in Sicily, which dates 
to the third century BC. The sparse evidence suggests that the basic design of the donkey mill 
was probably a Sicilian, Punic invention and a development from the Spanish rotary hand mill 
brought there by Spanish mercenaries (Curtis 2001, 342). The Pompeian Donkey Mill is 
found in the east only found from the 1
st
 century AD onwards (Williams-Thorpe and Thorpe 
1993, 272).   
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16 Graffito from the palatine of a donkey drafted to a mill. There is an accompanying legend that reads: work, little 
ass, as I have done (After Moritz 1958, 83) 
The descriptions of the Pompeian Donkey Mill are plentiful and always highly detailed; it is 
easier to describe than other types as it can be seen in operation on a number of graffiti, gems, 
wall-paintings and reliefs of the period (Moritz 1958, 75). Its design and size vary greatly, the 
examples found in Pompeii alone run well into three figures, and this type of mill was by no 
means confined to Pompeii (Moritz 1958, 76). For descriptive purposes I will broadly follow 
Thurmond’s description of the “classic- Pompeian form”, which is the most prevalent type 
(Thurmond 2006, 44-46), complemented with possible variations from other authors.  
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17 Comparison between the Morgantia Mill and the Pompeian Mill (Curtis 2001, fig 24) 
Each mill consists of a meta, which is normally solid, and a catillus, which is hollow (Moritz 
1985, 76). The meta derives its name from the conical columns that were used as turning 
posts at each end of the Roman Circus; it had a cylindrical lower part and a conical upper 
section, and it was slightly bell shaped rather than conical so that the grinding surface is 
limited to one area of the millstone (Curtis 2001, 345; Moritz 1958, 76; Thurmond 2006, 44). 
The classic cone was 70 cm in diameter and 88-100 cm in height; Mediterranean wide there 
was no particular size preference, although it is usually about as wide as it was high 
(Williams-Thorpe 1988, 255). The Pompeian cone was seated into a cylindrical base of larger 
diameter made of rubble and cement, this pedestal was 138 cm in diameter and 46 cm tall, and 
served as both a staging platform and a catchment table as the upper surface had a layer of 
smooth plaster that curved inward from the outside to create a channel for the flour to fall on 
(Curtis 2001, 345; Moritz 1958, 76; Thurmond 2006, 44). The height of the pedestal varies 
Mediterranean wide from 7-60 cm and was in much cases absent (Williams – Thorpe 1988, 
257). The meta had a round top and some had a square or circular hole at their center, 
although it is absent in a large amount of archaeological examples (Williams-Thorpe 1988, 
257; Thurmond 2006, 44).  Sometimes the meta would contain grooves, as shown on a relief, 
and although Moritz argues that that this was unnecessary for this type of mill (Moritz 1958, 
79), it has often been attested archaeologically (Williams – Thorpe 1988, 255).  
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18 Cross section of the Pompeian Donkey Mill (after Thurmond 2006, 43) 
The classic Pompeian design has a hourglass shaped catillus, a double hollow cone, each half 
about 76 cm in height and diameter; both halves of this double cone are hollow and they are 
connected by a hole through the narrow part; these hollow cones are naturally much more 
fragile than the metae, and this is also attested in their archaeological provenience (Moritz 
1958, 77; Thurmond 2006, 45; Williams-Thorpe 1988, 255). The bottom cone fits over the 
meta to provide the friction of rotation, while the upper cone serves as a funnel to the hopper; 
it was an ingenious design is as the catillus can be inverted as the grinding surface wears 
away, effectively doubling the life of the millstone (Curtis 2001, 345; Moritz 1958, 77; 
Thurmond 2006, 45). On opposite sides of the narrow part of the catillus are two square 
projections, or knobs, with a smaller square socket in their centers, to receive a square timber 
which could be pinned securely tight by small holes placed at right angles to the knobs(Moritz 
1958, 77; Thurmond 2006, 45). These timbers were part of a yoke-like frame that was 
attached over the catillus across its top and fitted around its sides like a lyre; the donkey was 
attached to this frame to rotate the catillus upon the meta; a horse is sometimes shown, but 
this must be either an artistic representation, or the particular horses were unfit for anything 
else, because horses were the expensive sport cars of the ancient world (Thurmond 2006, 45). 
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19 Relief from the Vigna Della Tre Madonne in the museo Chiaramonti, Vatican (Moritz 1958, plate 5b ) 
The internal fittings of the Donkey Mill are far less understood, for the pictorial displays 
cannot show these (Moritz 1958, 83). Most of the pictorial displays seem to suggest that some 
form of central rod or spindle was necessary to mount the catillus over the meta, but a spindle 
fixed in the meta would have seriously hampered the grain feed and the possibility to 
dismantle the mill; the purpose of keeping the stones concentric was probably already 
provided for by the shape and weight of the catillus, which was not allowed to come in full 
contact with the grinding surface due to the bell-shape of the meta; several Pompeian mills 
have a wear pattern that indicate that it rotated in less than a perfect upright fashion: it just 
tended to rock as it rotated (Curtis 2001, 347; Moritz 1958, 85). A bigger problem is the grain 
feed and an absence of suspension between the stones: Without a feed control the rotary 
motion of the mill would be blocked and the hopper would become useless; a rynd 
arrangement was required (Moritz 1958, 86). Archaeological evidence for these were found in 
Pompeii, parts of the bakery assemblage that were previously identified as bronze lance-
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heads; they were cemented with lead in the square holes in the top of the meta, exactly how it 
worked is still unknown, but its point was probably inserted in a sometimes separate and 
probably detachable hopper, that was affixed just off center, to the upper horizontal beam of 
the wooden frame (Curtis 2001, 345; Thurmond 2006, 45). Other possible rynd arrangements 
include a spindle with an inverted bowl shaped lower end that was dressed over the meta and 
a perforated metal disc (Curtis 2001, 347; Moritz 1958, 84).  
Clearly the life of the donkey was hard and full of strenuous and repetitive work; its eyes were 
covered to keep it from becoming ill in its continuous circular track; sometimes a bell is 
shown on reliefs, this would alert the mill owner if the mill would stop for any reason, and a 
lamp that is depicted on some reliefs suggests that the work on the Pompeian mill was 
continued throughout the night and never-ending, this is also known from literature (Moritz 
1958, 89; Curtis 2001, 348; Thurmond 2006, 46).  Most mills were probably set in an open 
courtyard, as was the case with the Casa dei Fornai, a commercial bakery from Pompeii; How 
many flour could be produced by a single mill depends on the availability of grain and the 
working hours of a miller, but we know from literary texts that a Latin pistor could obtain 
roman citizenship if he could produce over 873 liters of flour a day for a period of three years 
(Curtis 2001, 348).   
The examples of Pompeian Donkey Mills found in Pompeii alone run well into three figures 
and this type of mill was by no means confined to Pompeii (Moritz 1958, 74). The mill is best 
known from the eponymous site, Herculaneum and Ostia, it is also found in other parts of the 
western empire such as Sicily, Sardinia and North Afrika, but more rare in northern Europe; 
In the east, Pompeian mills are common in Cyprus and Isreal, known from mainland Greece 
and the Aegean and absent in Turkey, signaling that Pompeian mills were in any case very 
rare in this part of the Roman world (Williams-Thorpe and Thorpe 1993, 271).  Pompeian 
mills in the east are generally larger than those in the western Mediterranean, with meta 
widths most commonly 50 cm and above, particularly in Israel; regional characteristics 
include a greater proportion with grooving on the metae and even on some catilli in Greece 
(Williams-Thorpe and Thorpe 1993, 272). 
For the raw material, generally volcanic lava was the most popular material because of its 
rough porous surface; For the Pompeian Donkey Mill, although it certainly was not the only 
source, Nisyros was probably the main source; Pompeian mills in the Eastern Mediterranean 
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were exclusively made from vesicular lavas (Moritz 1958, 91; Williams-Thorpe and Thorpe 
1993, 273).  
 
20 Pompeian Donkey Mills from Pompeii and Ostia (After Moritz 1958, plates 5, 6 and 7) 
There are two more types of mills that the Romans used which arguably should be discussed 
here, namely the geared mill, or Saalburg type, and the water mill. The Saalburg type is 
known well, but only from the Roman frontier in Northern Europe and Northern Italy (Moritz 
1958, 127; Williams-Thorpe 1988, 260). To my knowledge the watermill was attested in two 
instances in Greece, one was found in the Athenian agora, an example that dated after the fifth 
century AD (Moritz 1958, 137), and another fragment during the Berbati -Limnes survey, 
where it is described as a normal commodity in rural Roman villas until the second century 
AD (Forsell 1996, 335). Both types are absent in the Koroneia assemblage, which is why I 
will refrain from adding a detailed description of these of mill-types. 
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4) The assemblage 
The following chapter will discuss the stones of the catalogue, which can be found in the 
appendix of this thesis. The first thing that is important to notice when handling an survey 
assemblage of stone fragments is that it is much less a constant material than, say, pottery. 
The fragments that were processed in my database are always broken, but in many instances 
in ways that hint to a secondary purpose. The most obvious samples contain traces of mortar, 
hinting to a secondary use as building material, but less obvious uses are also attested. A large 
stone tool, when it breaks, is not likely to be discarded as waste: The imported volcanic stone 
was an expensive resource, as we have seen before. In some instances a fragment of a larger 
mill, such as the Hopper, might have easily been recut and used in a smaller mill, for instance 
as hand stone for a Saddle Quern. In the interpretations of the fragments I have always tried to 
attest the original purpose, i.e. the function it had when it was first manufactured from the 
source material. It is also upon their primary use that the dating is based, as it is impossible to 
say when secondary use took place in the absence of a closed context.   
Table 3 Type Frequency and Periodization 
 
 
 
 
 
The relative dating of these stones is based on literature and can be found in the previous 
chapters. Some dates are more absolute: The Rotary Hand Quern and the Pompeian Donkey 
Mill did not reach Greece before the Roman period. All final dates are more difficult, 
however: We have a very fragmented picture of technological development that differs in 
scale from the entire Mediteranean to the Greek mainland: To deduce when or whether the 
people of Koroneia would have abandoned their use of a millstone for a more advanced type 
from such a large scale picture, is problematic at the least: Such a development probably 
differed from place to place, with political important areas that are closer to the center of 
development earlier than more peripheral places. Off course cultural factors are also important 
here. 
type frequency date 
Saddle Quern 12 Archaic - Hellenistic 
Olynthian Hopper rubber 72 Late Classical - Hellenistic 
Pompeian Donkey Mill 12 Early - Late Roman 
Rotary Hand Quern 1 Early - Late Roman 
Unidentified 8 unknown 
total 105 Archaic - Late Roman 
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21 Bar chart showing the type frequency 
 
22 Pie chart showing the overall type division 
4.1) Saddle Querns 
Out of the 105 samples 12 fragments could be recognized as Saddle Querns with reasonable 
certainty. Of these, 6 are defined as lower slabs and 6 are defined as traveling stones. 
Although some examples are too fragmented to attest size estimates, the ones that are 
reasonably well preserved give thickness variations of 4,0-6,5 cm for the lower slabs, and 3,4-
5,7 cm for the traveling stones. This is relatively small compared to the Olynthus assemblage, 
either because of wearing, by grinding or post-depositional processes, or they were simply 
smaller. As described earlier the Saddle Querns were an essential part to Greek households in 
ancient society and they can therefore be expected to be found in a domestic context. The 
percentage of Saddle Querns in the total assemblage is relatively small: I hypothesize that 
they, much like the Rotary Hand Querns, are less likely to find their way into the 
archaeological record because of their relative small size, light weight and associated mobility 
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to their ancient owners compared to the much larger Olynthian Hopper-Rubbers and 
Pompeian Donkey Mills.  
4.2) Olynthian Hopper–Rubbers 
72 out of 105 fragments could be assigned to this type with reasonable certainty. Of these, 34 
were recognized as a meta, 33 were recognized as a catillus and 5 could be either. A thickness 
estimate from the better preserved examples ranges from 2,9-5,8 cm for the metae and from 
3,8-15,5 cm for the catilli. The large variation in thickness of catilli is largely due to the 
nature of the fragments: Some fragments were of the thicker parts of the catillus, while some 
represent a part of the concavity or the handle slot. The thicker fragments are of comparable 
size to the mills of the Olynthus assemblage. Problematic with recognizing the Hoppers are 
the metae: They may very well have belonged to Hellenistic Saddle Querns or were in use for 
both types at the same time, as evident at Olynthus: It may be useful for future research to 
create a subcategory for the metae of both Hopper-Mills and Hellenic Saddle Querns and treat 
them as a datable source to the same period; catilli fragments are more specific indicators of 
the larger Hopper-Mills. The Hopper-Rubber Mill is by far the best represented type in the 
assemblage: Their dating to a late Classical-Hellenistic context can be set to the background 
of the estimated Boeotian population size, which sees its peak in the classical period and 
consequently collapses in the helenistic to early Roman periods. These types are large, heavy 
and were expensive to acquire; they can probably be related to domestic contexts that 
belonged to the upper class. They have the potential to identify commercial food processing 
establishments in Greece, which, as described in previous chapters, must have been present 
according to literature and terracotta figurines, but are not yet convincingly proven by 
excavation. 
4.3) Rotary Hand Quern 
A single example in the assemblage is possibly a Rotary Hand Quern. This cannot be attested 
with certainty, however, and the fact that it is largely absent in the assemblage is more 
striking than its possible single occurrence. Mobile, light weight Rotary Querns, like the 
Saddle Querns, are probably less likely to enter the archaeological record than the larger types, 
but the fact that it is almost, if not totally, absent deserves a better explanation; it looks like 
the Roman period in Koroneia sees less domestic production of grain.  
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4.4) Pompeian Donkey Mills 
12 examples out of 105 are most certainly Pompeian Donkey Mills: They are not only highly 
recognizable due to their inherent porousness but also due to their curves. From these 12 
fragments, 6 are metae and 6 are catilli. Size estimates are difficult for these fragments, but a 
diameter comparison to a car wheel showed that one example corresponds to approximately 
65 cm, while the largest meta fragment is 35,8 cm in length: These measurements of 
fragments hint at an original size that is conformant with the classic types found at Pompeii. 
Donkey Mills can be directly associated with commercial miller-bakeries and perhaps to a 
lesser extend to rural Roman villas. Since we are talking about an urban environment we may 
expect that the production of bread was an important part of the economic activities in 
Koroneia during the Roman occupation. Bintliff argued that, after the population collapse in 
late Hellenistic and early Roman times, the stronger economic and military elite of the time 
took over the cheap land and labor of Boeotia until the late Roman period sees another 
population peak (Bintliff 1999, 29). The observable shift in food processing in Koroneia from 
a domestic to a commercial context can be explained by imagining that the traditional 
economic structure of this Greek Polis was taken over by the increasingly state controlled 
Roman market. 
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4.5) The provenience of millstones 
 
23 Area map of the Koroneia City Hill showing the spread of millstone per type. Note that no specific locations are 
represented here, all stones were plotted to the center of the survey unit in which they were found. Multiple stones per 
survey unit are represented by a ring, their survey unit lies at its center (Bart Noordervliet 2013) 
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24 A map that shows the survey units from 2007-2011 together with city boundaries and special points of interest 
(Bart Noordervliet, 2011) 
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With respect to the fact that surface finds are never equal to closed contexts, and that 
especially stone fragments are susceptible to relocation as building material, several 
interesting observations can be made based on their provenience, shown in the above map 
(figure 23).  
In general it appears that the millstones tend to be located to the center of the city-hill; the 
Roman occupation was already believed to be largely confined to the acropolis (Bintliff et al 
2010, 6) and this is reflected in the provenience of Roman millstone types. Several 
concentrations of millstones can be observed; one of these interestingly enough coincides 
with the large pottery dump – area: Perhaps we must imagine that this was a general place of 
dump rather than just for pottery. As for functional areas, the concentration to the west, above 
the classical cemetery, might possibly be indicative of a commercial area or catering point for 
the city.  Donkey Mills certainly hint to Miller-Bakeries and Olynthian Hopper-Rubbers are 
also associated with a larger, more expensive scale of food-processing. An analysis that 
combines the provenience of domestic pottery material with the provenience of these stones 
might be conclusive to attest commercial areas with greater security. 
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5) Conclusions 
In this thesis I set out to critically discuss the usefulness of millstone fragments to (urban) site 
surveys. It seems clear to me that the collection and description of this class of artifacts should 
be implemented in every intensive survey. By attempting to answer several questions in the 
previous chapter a quite separate story of the city emerges: It is a story of that involves 
technological development and connects the city to a Mediterranean wide system of food 
economy; this Mediterranean picture is still very blurry, however, and deserves a higher 
resolution:    
It is not possible to use this class of artifacts to its full potential, as no extensive local studies, 
such as this one, exist to provide a source of comparison. Furthermore, the wider story of their 
origin, development and spreading is still full of holes; it is important that excavations 
implement and publish the results of these millstones, both from closed and unsure contexts, 
from both fragmented and complete mills.  
This study is incomplete, as it did not involve a basic petrochemical analysis: Every single 
example in this assemblage is a product of import that can be traced to its volcanic source by 
counting the minerals embedded in the lava. A recent study has been successful in providing 
the petrographic and geochemical features to identify the volcanic sources of Italian 
millstones (Antonelli et al 2010) and I hope that such a study will be forwarded for other 
Mediterranean areas. 
A study of millstones, backed by a reasonably accurate typological framework and combined 
with a basic petrochemical analysis, will tell a major story: It will describe the nature of a 
large part of the food economy of a city, as well as linking it to a Mediterranean wide trade 
network in volcanic rocks. It may further reveal the nature of occupation in the rural 
hinterland and connect the chora to the astu in an important way. Besides, it is a substantial 
part of the archaeological record, and as such inherently deserves its place in publications. 
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Samenvatting 
Deze scriptie legt zich toe op de beschrijving van een survey assemblage van maalstenen. De 
hoofdvraag die centraal staat is “Zijn maalsteenfragmenten bruikbaar als survey data?”. Om 
deze hoofdvraag te beantwoorden zal ik trachten enkele deelvragen te beantwoorden over de 
stadsheuvel van koroneia: “Hoe vond voedselverwerking plaats in Koroneia en op welke 
schaal werd dit beoefend in respectievelijk de Archaische, Klassieke, Hellenistische en 
Romeinse periode? Hoe is dit te plaatsen in het huidige beeld van nederzettings 
geschiedenis?”.  
Na betreffende literatuur gelezen te hebben en de maalsteen database omgezet te hebben in 
een catalogus vallen er vier typen te onderscheiden in  Koroneia: De “Saddle Quern”, De 
“Olynthian Hopper-Rubber”, de “Rotary Hand Quern” en de “Pompeian Donkey Mill”. Al 
deze typen komen voor in het hele mediterraanse gebied en zijn gemaakt van een materiaal 
dat altijd geimporteert is en een groeiend handelsnetwerk representeerd van de prehistorie tot 
in de Romeinse tijd. Ze voldoen tot in hoge mate aan standaard-afmetingen en zijn 
gemakkelijk te herkennen. 
De conclusie voor de deelvragen luidt dat er op vrij grote schaal vermaling van granen plaats 
heeft gevonden in Koroneia, hoe groot precies is moeilijk te zeggen zonder een vergelijkbare 
studie op lokale schaal. De maalstenen zijn het meest talrijk in het laat-Klassieke tot 
Hellenistische tijdperk, wat samenvalt met de hoogst geschatte populatiepiek in Boeotië. 
Tijdens de Romeinse periode lijkt er een patroon te ontstaan dat zich verwijdert van de 
traditionele voedselverwerking in huishoudcontext naar een grootschaliger, commercieel 
systeem. 
De conclusie op de hoofdvraag luidt dat maalstenen inderdaad een zeer behulpzame 
materiaalcategorie kunnen zijn, maar dat ze hun volledige potentieel nog niet bezitten: Het 
huidige typologische plaatje zit nog vol met gaten doordat deze stenen vaak genegeerd zijn in 
publicaties. Tevens is deze studie niet compleet omdat ze een petrochemische analyse 
ontbeerd, waarmee is vast te stellen van waaruit de stenen geïmporteerd zijn. 
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